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H Sir: 

Please amend the above-identified International Application before entry 
into the National stage before the U.S. Patent and Trademark Office under 35 
U.S.C. §371 as follows: 
20 In the Specification: 

Please replace the Specification of the present application, including the 
Abstract, with the following Substitute Specification: 

SPECIFICATION 
TITLE OF THE ESTVENTION 
25 METHOD AND DEVICE FOR PRODUCING FULLERENE 

BACKGROUND OF THE INVENTION 
The present invention relates to a method and a device for producing 
fullerenes and more particularly to a method and a device for producing fullerenes 
capable of producing a large amount of fullerenes, particularly, carbon nanotubes 
30 with high yield. 

A carbon nanotube is an aliotrope of carbon and is generally known to exist 
in a single- walled or a multi-walled form composed of laminating rolled-up 



graphite sheet in a cylindrical form with the thickness of several atomic layer. The 
carbon nanotube is a microscopic material whose diameter ranges from about 0.5 
nm to about 10 nm and whose length is about several mm. 

The carbon nanotube attracts pubhc attention as a material to be applied to 
5 many directions such as a semiconductor super-integrated circuit, a fibrous 

material, a hydrogen absorbing material, a catalyst, etc. as well as a cold cathode 
which has been already put to practical use. In particular, the carbon nanotube 
attracts public attention as a new carbon material, because it has a theoretically 
peculiar electrical property, has a large surface area although it is very fme, has a 
10 large aspect ratio, has a unique hollow configuration and has a unique surface 
property derived from the unique configuration. 

From the above described actual circumstances, it has been desired to 
develop a method for easily producing a large amount of carbon nanotubes with 
high yield. 

15 Fullerene as an allotrope of carbon has been also expected to be applied to a 

photosensitive member, a photoelectric transfer element, a solar battery, an optical 
hmiter, toner, a non-linear optical element, a switching element, a superconductor, 
a transistor, a Josephson device, a sensor, a diode, a catalyst, an emitter, or the like. 
It has been desired to develop a method for readily producing a large amount of 

20 fullerene with high yield similarly to the carbon nanotube. 

A method for producing a carbon nanotube, wherein a mixture obtained by 
mixing catalyst metals, such as carbon and cobalt, is irradiated with a laser beam in 
an atmosphere of inert gas under reduced pressure to evaporate carbon and 
synthesize a nanotube and recover the carbon nanotube on, for instance, a cooled 

25 recovery rod whose end is tapered. A method wherein a carbon rod is used as an 
electrode and an arc discharge is generated in an atmosphere of inert gas under 
reduced pressure to allow a carbon nanotube to grow on the carbon rod, is known, 
as disclosed in, for instance, Japanese Patent Application Laid-open No. hei. 6- 
2801 16 and Japanese Patent Application Laid-Open No. hei. 6-157016. As for the 

30 fullerene, a similar producing method has been proposed. 
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In the method that the mixture obtained by mixing the catalyst metals^ such 
as carbon and cobalt, is irradiated with the laser beam, a laser light source is 
required, so that a device is large-scaled. In the method that the arc discharge is 
generated, since the carbon rod itself, which is the electrode, serves as a material 
for the carbon nanotube or fliUerene, the amount of carbon nanotube or fuUerene 
which can be produced is inconveniently restricted depending on the size of the 
carbon rod used as the electrode. 

SUMMARY OF THE INVENTION 

It is an advantage of the present invention to provide a method and a new 
device for producing fullerenes which can solve the above described problems of 
the related art. 

It is another advantage of the present invention to provide a method and a 
device for producing fullerenes by which a large amount of fullerenes, particularly, 
carbon nanotubes can be easily and readily simply produced with high yield. 

In order to achieve the above described advantages, according to the present 
invention, there is proposed a method for producing fullerene in such a manner that 
an arc discharge is generated between a pair of carbon rod electrodes and gas 
containing carbon is supplied to a part, member or region location between the pair 
of carbon rod electrodes. 

According to an embodiment of the present invention, since the gas 
containing carbon serving as a raw material for fullerenes is supplied to the part 
between the pair of carbon rod electrodes, the amount of fullerenes which can be 
produced is not restricted depending on the size of the carbon rods used as the 
electrodes. In this regard, fullerenes can be synthesized for a long time and a large 
amount of fullerenes, particularly, carbon nanotubes can be easily and readily 
produced with high yield. 

According to an embodiment of the present invention, the gas containing 
carbon is continuously supplied to the part between the pair of carbon rod 
electrodes. The gas containing carbon includes gas having hydrocarbon gas as a 
main component. The gas containing carbon includes methane. Further, the gas 
containing carbon desirably includes sulfur. 
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According to an embodiment of the present invention, when fiillerenes and, 
especially, carbon nanotubes are produced, the gas containing carbon includes 
sulfur serving as an accelerator in addition to methane, so that the fuUerenes, 
particularly, the carbon nanotubes can be accelerated to be produced. 
5 In an embodiment, the gas containing carbon used in the present invention 

includes methane and hydrogen sulfide. Since the gas containing carbon includes 
hydrogen sulfide including sulfur serving as the accelerator, the fiillerenes and, 
especially, the carbon nanotubes can be accelerated to be produced. 

According to an embodiment of the present invention, the gas containing 
^ 1 0 carbon is allowed to pass through thiophene so that the gas containing carbon 

■ J includes sulfur. 

According to an embodiment of the present invention, the gas containing 
carbon is bubbled into thiophene so that the gas containing carbon includes sulfur. 
VU Further, according to an embodiment of the present invention, hydrogen gas 

J:|| 15 and/or inert gas is supphed in addition to the gas containing carbon to the part 
^ between the pair of carbon rod electrodes. Here, as the inert gas, helium or argon is 

employed, and further, xenon, krypton or nitrogen or the like can be employed. 

According to the an embodiment of the present invention, the carbon rod 
electrode of the pair of carbon rod electrodes serving as an anode includes catalyst 
20 metal. The catalyst metal is composed of one or two or more of metals including 
Co, Ni, Sc, V, Cr, Mn, Fe, Cu, Y, Zr, Nb, Mo, Pd, Ta, W, Au, Th, U, La, Ce, Pr, 
Nd, Gd. Tb, Dy, Ho, Er, Tm, Lu like metals or mixtures thereof. Since the carbon 
rod electrode serving as the anode includes the above mentioned catalyst metals, 
metal-containing fullerenes which contain these catalyst metals can be efficiently 
25 produced. 

In an embodiment of the present invention, a device for producing fullerene 
includes a pair of carbon rod electrodes; and a gas supply mechanism capable of 
continuously supplying gas containing carbon to a part or region between the pair 
of carbon rod electrodes. 
30 Since the device for producing fullerene according to an embodiment of the 

present invention includes the gas supply mechanism capable of supplying the gas 
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containing carbon as a raw material of fullerenes to a part between a pair of carbon 
rod electrodes, the amount of fullerenes which can be produced is not restricted 
depending on the size of the carbon rods used as the electrodes. In this regard, the 
fullerenes can be synthesized for a long time and a large amount of fullerenes and, 
5 especially, carbon nanotubes can be simply produced with high yield. 

Further, in the device according to an embodiment of the present invention, 
one of the pair of carbon rod electrodes has a through hole opened to the part 
between the pair of carbon rod electrodes, hi this regard, the gas supply mechanism 
can supply the gas containing carbon to the part between the pair of carbon rod 
10 electrodes through the through hole. 

As described above, since one of the pair of carbon rod electrodes has the 
'4 through hole opened to the part between the pair of carbon rod electrodes and the 

[^i^ gas containing carbon can be supplied to the part between the carbon rod electrodes 

through the through hole, the gas containing carbon can be assuredly supplied to an 
:ti 15 arc discharge part between the pair of carbon rod electrodes. In this regard, the 

amount of fullerenes which can be produced is not restricted by the size of carbon 
rods used as the electrodes. Thus, the fullerenes can be synthesized for a long time 
and a large amount of fixllerenes and, especially, carbon nanotubes can be easily 
and readily produced with high yield. 
20 In the device according to an embodiment of the present invention, the gas 

supply mechanism includes a pipe having a nozzle opposed to the part between the 
pair of carbon rod electrodes. 

The device for producing fuUcrene according to an embodiment of the 
present invention further includes a material gas supply source for supplying the 
25 gas containing carbon to the gas supply mechanism. 

The material gas supply source is adapted to supply gas containing 
hydrocarbon gas as a main component to the gas supply mechanism according to an 
embodiment of the present invention. 

The device for producing fullerene according to an embodiment of the 
30 present invention further includes a hydrogen gas supply source and/or an inert gas 
supply source for supplying hydrogen gas and/or inert gas to the gas supply 
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mechanism. Here, as the inert gas, heliixm or argon is used, and further, xenon, 
krypton, nitrogen or the like can be employed. 

In the device for producing fuUerene according to an embodiment of the 
present invention, the material gas supply source is adapted to supply methane to 
5 the gas supply mechanism. 

The device for producing fullerene according to an embodiment of the 
present invention further includes a sulfur adding mechanism for adding sulfur to 
the gas containing carbon between the material gas supply source and the gas 
supply mechanism. Since the sulfur adding mechanism is provided and the gas 
1 0 containing carbon includes sulfur serving as an accelerator when the fullerenes and, 
especially, the carbon nanotubes are produced, the fullerenes the carbon nanotubes 
are accelerated to be produced. 

The device for producing fullerene according to an embodiment of the 
present invention further includes a hydrogen sulfide supply source for supplying 
1 5 hydrogen sulfide to the gas supply mechanism. As described above, the hydrogen 
sulfide supply source is provided and the gas containing carbon includes hydrogen 
sulfide containing sulfur serving as an accelerator in addition to methane, so that 
the fullerenes and, especially, the carbon nanotubes can be accelerated to be 
produced. 

20 In the device for producing fullerene according to an embodiment of the 

present invention, the carbon rod electrode of the pair of carbon rod electrodes 
serving as an anode includes catalyst metal. The catalyst metal is composed of one 
or two or more of metals including Co, Ni, Sc, V, Cr, Mn, Fe, Cu, Y, Zr, Nb, Mo, 
Pd, Ta, W, Au, Th, U, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er, Tm. Lu like metals or 

25 combinations thereof The carbon rod electrode serving as the anode includes these 
catalyst metals so that metal-containing fullerenes containing these catalyst metals 
can be efficiently produced. 

Additional features and advantages of the present invention are described in, 
and will be apparent from, the following Detailed Description of the Invention and 

30 the Figures. 
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BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 is a side view showing one embodiment of a device for producing 
carbon nanotubes according to the present invention. 

Fig. 2 is side view showing another embodiment of a device for producing 
carbon nanotubes according to the present invention. 

Fig. 3 is a side view showing yet another embodiment of a device for 
producing carbon nanotubes according to the present invention. 

Fig. 4 is a perspective view showing a carbon rod electrode used as a 
cathode in the device for producing carbon nanotubes shown in Fig. 3, 

Fig. 5 is a side view showing still another embodiment of a device for 
producing carbon nanotubes according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Now, referring to the drawings, a method for producing fuUerenes according 
to the present invention, in particular, a device used for producing carbon nanotubes 
will be described below. 

In an embodiment, the device for producing carbon nanotubes according to 
the present invention includes, as shown in Fig. 1, a first carbon rod electrode 1 
serving as an anode and a second carbon rod electrode 2 serving as a cathode. A 
pair of the first and second carbon rod electrodes 1 and 2 are arranged in a reaction 
vessel 3 so that one end of one electrode is opposed to one end of the other 
electrode. The other ends of the first carbon rod electrode 1 and the second carbon 
electrode 2 are respectively connected to a DC power source 4 so that an arc 
discharge 5 can be generated between a pair of the first carbon rod electrode 1 and 
the second carbon rod electrode 2. Here, for the carbon rod electrode 1 serving as 
the anode, is employed a carbon rod including Co and Ni which function as 
catalysts when the carbon nanotube is produced. 

The device for producing carbon nanotubes according to an embodiment of 
the present invention further includes, as shown in Fig. 1, a methane gas vessel 6 
and a hydrogen gas vessel 7. Methane gas supplied from the methane gas vessel 6 
and hydrogen gas supplied from the hydrogen gas vessel 7 are mixed together in a 
gas supply pipe 8 and the mixed gas is guided to a thiophene tank 9. The mixed gas 



of methane and hydrogen is introduced into thiophene 10 and bubbled therein, 
sulfur is added to the mixed gas and the sulfur added gas is guided to the reaction 
vessel 3 through the gas supply pipe 8. 

The gas supply pipe 8 is provided with, as shown in Fig. 1 , a nozzle 
opposed to a part between a pair of the first carbon rod electrode 1 and the second 
carbon rod electrode 2 in which the arc discharge 5 is generated. The mixed gas of 
methane and hydrogen is supplied from the nozzle 1 1 to the part between a pair of 
the first carbon rod electrode 1 and the second carbon rod electrode 2 in which the 
arc discharge 5 is generated. The reaction vessel 3 is further provided with a gas 
discharge part 1 2. 

The device for producing carbon nanotubes according to an embodiment of 
the present invention produces carbon nanotubes in such a manner as described 
below. 

When an electric current is supplied to the first and second carbon rod 
electrodes 1 and 2 from the DC power source 4, the arc discharge 5 is generated 
between one pair of the first and second carbon rod electrodes 1 and 2. 

At the same time, methane gas and hydrogen gas are respectively supplied, 
for instance, in the volume ratio 1 : 5 from the methane gas vessel 6 and the 
hydrogen gas vessel 7 to the gas supply pipe 8. These gases are mixed each other 
in the gas supply pipe 8, then, the mixed gas is guided to the thiophene tank 9 and 
introduced into the thiophene 10 and bubbled therein and sulfur is added to the 
mixed gas. 

The mixed gas of methane and hydrogen to which sulfur is added in the 
thiophene tank 9 is guided to the reaction vessel 3 through the supply pipe 8, and 
supplied at a prescribed flow velocity from the nozzle 1 1 to the part or region 
between a pair of the first carbon rod electrode 1 and the second carbon rod 
electrode 2 in which the arc discharge 5 is generated. As a result, a carbon 
nanotube is produced to enable the carbon nanotube to grow on the second carbon 
rod electrode 2. 

In the device for producing fiillerene according to an embodiment of the 
present invention, since the mixed gas of methane and hydrogen is supplied to the 
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part in which the arc discharge 5 is generated, the flow velocity of the mixed gas of 
methane and hydrogen is selected so that the phenomenon that the produced carbon 
nanotube is accumulated on the second carbon rod 2 to decrease its discharge area 
is effectively prevented and the carbon nanotube can be produced with high yield. It 
5 should be appreciated that accumulation on the second carbon rod electrode 2 of the 
carbon nanotube is undesirable because this would necessarily decrease the 
discharge area of the rod electrode 2 and thus impede arc disclosure. 

hi an embodiment, the produced carbon nanotube is preferably rapidly 
cooled. In the device according to the present invention, since the mixed gas of 
^ 10 methane and hydrogen is supplied to a high temperature part in which the arc 
discharge 5 is generated, the carbon nanotube produced by the mixed gas of 
}%l methane and hydrogen can be effectively cooled. Further, the flow velocity of the 

mixed gas of methane and hydrogen is selected, so that coohng speed can be 
flj controlled to desired speed. 

1^ In the device for producing a carbon nanotube according to an embodiment 

of the present invention, since the mixed gas of methane and hydrogen which 
serves as the material of the carbon nanotube is supplied at a prescribed flow 
velocity from the nozzle 1 1 to the part between a pair of the first and second carbon 
rod electrodes 1 and 2 in which the arc discharge 5 is generated, the amount of 
20 carbon nanotube which can be produced is not limited depending on the size of the 
carbon rods used as the electrodes, and the carbon nanotube can be synthesized for 
a long time. Therefore, a large amount of the carbon nanotube can be easily and 
readily produced with high yield as compared with the conventional device. 

Further, in the device accordmg to an embodiment of the present invention, 
25 the flow velocity of the mixed gas of methane and hydrogen supplied to the part 
between a pair of the first and second carbon rod electrodes 1 and 2 m which the 
arc discharge 5 is generated is selected so that the phenomenon that the produced 
carbon nanotube is accumulated on the second carbon rod electrode 2 to decrease 
its discharge area can be effectively decreased, and the carbon nanotube can be 
30 produced with high yield. 
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Further, in the device according to an embodiment of the present invention, 
the produced carbon nanotube can be effectively cooled by the mixed gas of 
methane and hydrogen supplied to the part between a pair of the first carbon rod 
electrode 1 and the second carbon rod electrode 2 in which the arc discharge 5 is 
generated. Further, the flow velocity of the mixed gas of methane and hydrogen is 
selected so that the cooling speed can be controlled to a desired value. 

Further, the mixed gas of methane and hydrogen is guided to the thiophenc 
tank 9, introduced into the thiophene 10 and bubbled therein. Then, since the 
resultant mixed gas is supplied together with sulfur serving as an accelerator upon 
producing carbon nanotube to the part between a pair of the first carbon rod 
electrode 1 and the second carbon rod electrode 2 in which the arc discharge 5 is 
generated, the production of the carbon nanotube can be enhanced. 

In the above described device for producing the carbon nanotube, although 
sulfur is added to the mixed gas obtained by adding hydrogen gas to methane gas 
used as the gas contaming carbon and the sulfur added mixed gas is supplied to the 
part between the first and second carbon rod electrodes 1 and 2 in which the arc 
discharge 5 is generated, inert gas may be mixed to methane gas in place of 
hydrogen gas. As the inert gas, helium or argon can be used, and further, xenon, 
krypton^ nitrogen or the like may be employed. In the case of a device for 
producuig a carbon nanotube by using the inert gas, an inert gas vessel is used in 
place of the hydrogen gas vessel 7 in the producing device shown in Fig. 1 . 

Also in this case, the methane gas and the inert gas are supplied, for 
instance, in the volume ratio 1 : 5, to the gas supply pipe 8, they are mixed together 
in the gas supply pipe 8, and then, the mixed gas is guided to the thiophene tank 9, 
introduced into the thiophene 10 and bubbled therein and sulfur is added to the 
mixed gas. 

Even when the inert gas is used in such a manner, a large amount of carbon 
nanotube can be readily and easily produced with high yield. 

Still further, in the device for producing the carbon nanotube according to 
an embodiment of the present invention, the hydrogen gas and the inert gas may be 
mixed with the methane gas used as the gas containing carbon. In this case, as 
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shown in Fig. 2, an inert gas vessel 17 is arranged in parallel with a methane gas 
vessel 6 and a hydrogen gas vessel 7 in a device for producing a carbon nanotube. 
Then, methane gas supplied from the methane gas vessel 6, hydrogen gas supplied 
from the hydrogen gas vessel 7 and inert gas supplied from the inert gas vessel 17 
are mixed together in a gas supply pipe 8 and the mixed gas is guided to a 
thiophene tank 9. 

In the device for producing a carbon nanotube, the methane gas, the inert 
gas and the hydrogen gas are supplied, for instance, in the volume ratio 1 : 1 : 4 to 
the gas supply pipe 8, and mixed together in the gas supply pipe 8, and then, the 
mixed gas is guided to the thiophene tank 9, introduced to thiophene 10 and 
bubbled therein, and sulftir is added to the mixed gas. 

Even when the inert gas is mixed to the methane gas together with the 
hydrogen gas as described above, a large amount of carbon nanotubes can be easily 
and readily produced with high yield. 

In an embodiment, a device for producing a carbon nanotube according to 
the present invention will be described with reference to Figs. 3 and 4. 

In a device for producing a carbon nanotube, according to an embodiment 
as shown in Fig. 3, a hydrogen sulfide gas vessel 15 is provided in addition to a 
methane gas vessel 6 and a hydrogen gas vessel 7. Methane gas and hydrogen 
sulfide gas are mixed together, for instance, in the volume ratio 9:1. Further, the 
obtained mixed gas of methane gas and hydrogen sulfide gas, and hydrogen gas are 
mixed together, for instance, in the volume ratio 1 : 5, and the mixed gas of 
methane, hydrogen sulfide and hydrogen is supplied to a reaction vessel 3. In the 
device shown in Fig. 3, a thiophene tank is not provided as in the above described 
devices for producing a carbon nanotube. 

In the device for producing a carbon nanotube according to an embodiment 
of the present invention shown in Figs. 3 and 4, a through hole 16 passes through a 
carbon rod electrode serving as a cathode along the longitudinal axis of the carbon 
rod electrode, and is opened to a part between a pair of a first carbon rod electrode 
1 and the second carbon rod electrode 2. The through hole 16 forms a part of a gas 
supply pipe. 
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The carbon nanotube is produced in such a manner as described below by 
employing the device for producing a carbon nanotube constructed as described 
above. 

When an electric current is supplied to the first and second carbon rod 
electrodes 1 and 2 from a DC power source 4, an arc discharge is generated in a 
part between a pair of the first and second carbon rod electrodes I and 2. 

At the same time, the methane gas and the hydrogen sulfide gas are 
respectively supphed from the methane gas vessel 6 and the hydrogen sulfide gas 
vessel 15, for instance, in the volume ratio 9 : 1, to the gas supply pipe 8. Further, 
the hydrogen gas is supplied to the gas supply pipe 8 from the hydrogen gas vessel 
7, and the obtained mixed gas of methane gas and the hydrogen sulfide gas, and the 
hydrogen gas are mixed together, for example, in the volume ratio 1 : 5 and the 
mixed gas of methane, hydrogen sulfide and hydrogen is supplied to the through 
hole 16 formed in the carbon rod electrode 2 by the gas supply pipe 8. 

Since the through hole 16 is formed so as to be opened to the part between a 
pair of the first carbon rod electrode 1 and the second carbon rod electrode 2, the 
mixed gas of methane, hydrogen sulfide and hydrogen supplied to the through hole 
16 is supplied to the part of the arc discharge 5 formed between a pair of the first 
carbon rod electrode 1 and the second carbon rod electrode 2 at a prescribed flow 
velocity. In consequence, a carbon nanotube is formed and the carbon nanotube is 
allowed to grow on the carbon rod electrode 2. 

Since the device for producing a carbon nanotube according to an 
embodiment of the present invention is utilized so that the mixed gas of methane, 
hydrogen sulfide and hydrogen which is a raw material for the carbon nanotube is 
supplied through the through hole 16 formed in the carbon rod electrode 2 serving 
as the cathode and opened to the part between a pair of the carbon rod electrode 1 
and the carbon rod electrode 2, the mixed gas of methane, hydrogen sulfide and 
hydrogen as the raw material for the carbon nanotube can be directly supplied to the 
part of the arc discharge 5 generated between a pair of the first carbon rod electrode 
1 and the second carbon rod electrode 2 to produce the carbon nanotube. The 
device for producing a carbon nanotube according to the present invention is 
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employed so that the amount of the carbon nanotubes which can be produced is not 
restricted by the size of the carbon rods used as the electrodes and the carbon 
nanotubes can be synthesized for a long period. Therefore, a larger amount of 
carbon nanotubes can be easily and readily produced with higher yield than that 
produced by the conventional device. 

In the device for producing a carbon nanotube according to an embodiment 
of the present invention, the flow velocity of the mixed gas of methane, hydrogen 
sulfide and hydrogen supplied to the part between a pair of the first carbon rod 
electrode 1 and the second carbon rod electrode 2 in which the arc discharge 5 is 
generated is selected, and accordingly, a state that the produced carbon nanotube is 
accumulated on the carbon rod electrode 2 to decrease its discharge area can be 
effectively prevented, and the carbon nanotube can be produced with high yield. 

Further, in the device for producing a carbon nanotube according to an 
embodiment of the present invention, the produced carbon nanotube can be 
effectively cooled by the mixed gas of methane, hydrogen sulfide and hydrogen 
supplied to the part between a pair of the carbon rod electrode 1 and the carbon rod 
electrode 2 in which the arc discharge 5 is generated. Still further, the flow velocity 
of the mixed gas of methane and hydrogen is selected so that the cooling speed can 
be controlled as desired. 

Still further, according to the device for producing a carbon nanotube of the 
present invention, since the hydrogen sulfide gas containing sulfur functioning as 
an accelerator when the carbon nanotube is produced is mixed with the methane gas 
and the hydrogen gas, and the mixed gas of methane, hydrogen sulfide and 
hydrogen is supplied to the part between a pair of the first carbon rod electrode 1 
and the second carbon rod electrode 2 in which the arc discharge 5 is generated, the 
production of the carbon nanotube can be accelerated. 

In the device for producing the carbon nanotube shown in Figs. 3 and 4, 
although the hydrogen sulfide vessel 15 is provided in addition to the methane gas 
vessel 6 and the hydrogen gas vessel 7, the hydrogen gas is further mixed with the 
mixed gas of methane gas and hydrogen sulfide gas and the mixed gas of methane, 
hydrogen sulfide and hydrogen is supplied to the reaction vessel 3, the inert gas 
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may be mixed with the methane gas in place of the hydrogen gas. As the inert gas, 
heHum or argon is used, and further, xenon, krypton, nitrogen or the like may be 
employed. In the case of the device for producing a carbon nanotube which 
employs the inert gas, the inert gas vessel is used in place of the hydrogen gas 
vessel 7 in the device shown in Fig, 3. Also in this case, the methane gas and the 
hydrogen sulfide gas are mixed together, for instance, in the volume ratio 9:1, and 
further, the obtained mixed gas of methane gas and the hydrogen sulfide gas, and 
the inert gas are mixed together, for instance, in the volume ratio 1:5. Then, the 
mixed gas of methane, hydrogen sulfide and inert gas is adapted to be supplied to 
the reaction vessel 3. 

Even when the inert gas is employed as described above, a large amount of 
carbon nanotubes can be easily produced so as to have a high yield. 

Still further, in the device for producing a carbon nanotube according to an 
embodiment of the present invention, the hydrogen gas and the inert gas may be 
fiirther mixed with the mixed gas of the methane gas and the hydrogen sulfide gas, 
and the mixed gas of methane, hydrogen sulfide, hydrogen and inert gas may be 
supplied to the reaction vessel 3. A device for producing a carbon nanotube in this 
case has a hydrogen sulfide gas vessel 15 provided in addition to a methane gas 
vessel 6 and a hydrogen gas vessel 7, and further, an inert gas vessel 17 provided in 
parallel therewith, as shown in Fig. 5^ 

In the device for producing a carbon nanotube, methane ga§ and hydrogen 
sulfide gas are mixed together, and fiirther, hydrogen gas and inert gas are mixed 
with the mixed gas of the methane gas and the hydrogen sulfide gas and the 
obtained mixed gas is supphed to a reaction vessel 3. In this case, the hydrogen 
gas, the inert gas, the methane gas and the hydrogen sulfide gas are mixed together 
in the volume ratio 4 : 1 : 0.9 : 0.1. 

Even when the hydrogen gas and the inert gas are fiirther mixed in such a 
maimer as described above, a large amount of carbon nanotubes can be readily 
and/or easily produced with high yield. 

Applicants have conducted a number of tests to demonstrate the efficacy of 
the present invention. The following examples are illustrative of an embodiment of 
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the present invention and, thus, are not intended to limit the scope of the present 

invention. 

Example 1 

A carbon nanotube was produced by using a device for producing a carbon 
5 nanotube shown in Fig. 1. 

The mixed gas obtained by mixing hydrogen gas and methane gas together 
in the volume ratio 5 : 1 was suppHed to a reaction vessel at a flow velocity of 100 
ml/minute. The pressure in the reaction vessel was maintained to about 1.33 x 10"^ 
Pascal. A direct current (DC) vohage of 25V was applied to a part or region 
■ ^ 0 between a pair of carbon rod electrodes to perform a reaction for about 45 minutes. 

>4 At this time, an electric current generated between a pair of the carbon rod 

electrodes was produced at about 150A. In this case, a thiophene tank was not 
provided so that the hydrogen gas and the methane gas were directly introduced 
j U into the reaction vessel. 

J i| 15 As the carbon rod electrode serving as an anode, a carbon rod including 

P Co/Ni a ratio of about 1 .2/1 .2 (mol%) was used and a carbon rod with the diameter 

of about 10 mm and the length of about 100 mm was used for each carbon rod 

electrode. 

After the reaction was completed, a web type product was recognized on the 
20 upper inner wall surface of the reaction vessel. The web type product was 

recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceous material including fiillerenes, carbon nanotubes or 
the like. 

25 Further, after the reaction was completed, when the length of the carbon rod 

electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was about 5.2 

cm/hour. 
Example 2 

30 A carbon nanotube was produced in the same manner as that of the Example 

1 except that hydrogen gas and methane gas were mixed together in the volume 
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ratio 5 ; 1 and the obtained mixed gas was supplied to a reaction vessel at a flow 
velocity of 100 ml/minute and the pressure in the reaction vessel was maintained to 
3.33 X 10^ Pascal. 

After the reaction was completed, a web type product was recognized on the 
5 upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
H type product was a carbonaceous material including fullerene mainly composed of 

^3 carbon nanotubes. 

^2 10 Further, after the reaction was completed, when the length of the carbon rod 

electrode used as the anode was measured and the decreasing speed of the carbon 
J^l rod electrode used as the anode was calculated, the decreasing speed was 5.1 

f cm/hour, 
ill Example 3 

rji 15 A carbon nanotube was produced in the same manner as that of the Example 

I except that hydrogen gas and methane gas were mixed together in the volume 
ratio 5 : 1 and the obtained mixed gas was supplied to a reaction vessel at a flow 
velocity of 100 ml/minute and the pressure in the reaction vessel was maintained to 
6,33 X 10^ Pascal. 

20 After the reaction was completed, a web type product was recognized on the 

upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceous material including fullerene mainly composed of 

25 carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 5.1 
cm/hour. 

30 Example 4 
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A carbon nanotube was produced by using a device for producing a carbon 
nanotube shown in Fig. 2. 

The mixed gas obtained by mixing hydrogen gas, argon gas and methane 
gas together in the volume ratio 4:1:1 was supplied to a reaction vessel at a flow 
velocity of 100 ml/minute. The pressure in the reaction vessel was maintained to 
about 1 .33 X 1 0^ Pascal. DC voltage of 25V was applied to a part between a pair 
of carbon rod electrodes to perform a reaction for about 45 minutes. At this time, 
an electric current generated between a pair of the carbon rod electrodes was about 
I50A. 

As the carbon rod electrode serving as an anode, a carbon rod including 
Co/Ni at the rate of 1 .2/1 .2 (mol%) was used and a carbon rod with the diameter of 
10 mm and the length of 100 mm was used for each carbon rod electrode. 

After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceous material including fuUerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 5.1 
cm/hour. 
Example 5 

A carbon nanotube was produced by using the device for producing a 
carbon nanotube shown in Figs. 3 and 4. 

A carbon nanotube was produced in the same manner as that of the Example 
3 except that a carbon rod having a through hole formed along a longitudinal axis 
with the diameter of 2 mm including the longitudinal axis was used as a cathode, 
hydrogen gas and methane gas and hydrogen sulfide gas were mixed together in the 
volume ratio 5 : 0.9 : 0.1 and the obtained mixed gas was suppUed to a reaction 
vessel through the through hole. 
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After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
5 type product was a carbonaceous material including fuUerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 3.6 
10 cm/hour. 
Example 6 

A carbon nanotube was produced in the same manner as that of the Example 
3 except that the thiophene tank was provided and hydrogen gas and methane gas 
ft| were bubbled in the thiophene, and then, introduced into the reaction vessel, 

jx^^ 15 After the reaction was completed, a web type product was recognized on the 

{ upper inner wall surface of the reaction vessel. The web type product was 

recovered and observed by using a scaiming electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceoxis material including fuUerene mainly composed of 
20 carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 3,6 
cmyhour. 
25 Example 7 

A carbon nanotube was produced by using the device for producing a 
carbon nanotube shown in Fig, 5. 

A carbon rod having a through hole formed along a longitudinal axis with 
the diameter of 2 mm including the longitudinal axis was used as a cathode, 
30 methane gas and hydrogen sulfide gas were mixed together and further, hydrogen 
gas and inert gas were mixed with the mixed gas of the methane gas and the 
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hydrogen sulfide gas and the obtained mixed gas was supplied to the reaction vessel 
3 through the through hole. At this time, hydrogen gas, argon gas, methane gas, 
and hydrogen sulfide gas were mixed together in the volume ratio 4 : 1 : 0.9 : 0. 1. 
The carbon nanotube was produced in the same manner as that of the Example 3 
except that the types of the mixed gas and the mixed ratio were different from those 
of the Example 3. 

AHer the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceous material including fullerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 3.5 
cm/hour. 

Comparative Example 1 

A carbon nanotube was produced under the same reaction conditions as 
those of the Example I that hydrogen gas was introduced to the reaction vessel, the 
pressure in the reaction vessel is maintained to 1 .33 x 10-^ Pascal^ and the DC 
voltage of 25V was applied to the part between a pak of carbon rod electrodes to 
perform a reaction for 45 minutes except that methane gas was not introduced to the 
reaction vessel. 

After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM). so that it was recognized that the web 
type product was a carbonaceous material including fullerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
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rod electrode used as the anode was calculated, the decreasing speed was 6.0 
cm/hour. 

Comparative Example 2 

A carbon nanotube was produced under the same reaction conditions as 
those of the Example 1 that hydrogen gas was introduced to the reaction vessel, the 
pressure in the reaction vessel is maintained to 3.33 x 10^ Pascal^ and the DC 
voltage of 25 V was applied to the part between a pair of carbon rod electrodes to 
perform a reaction for 45 minutes except that methane gas was not introduced to the 
reaction vessel. 

After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceous material including fullerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 6.3 
cm/hour. 

Comparative Example 3 

A carbon nanotube was produced in the same reaction conditions as those of 
the Example 1 that hydrogen gas was introduced to the reaction vessel, the pressure 
in the reaction vessel is maintamed to 3.33 x 10^ Pascal, and the DC voltage of 25V 
was applied to the part between a pair of carbon rod electrodes to perform a 
reaction for 45 minutes except that methane gas was not introduced to the reaction 
vessel. 

After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
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type product was a carbonaceous material including flillerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
5 rod electrode used as the anode was calculated, the decreasing speed was 6.6 
cm/hour. 

Comparative Example 4 

J A carbon nanotube was produced in the same manner as that of the Example 
^ except that a carbon rod having a though hole formed along a longitudinal axis 
10 with the diameter of 2 mm including the longitudinal axis was used as a cathode 
M and hydrogen gas was supplied through the through hole and methane gas was not 

1,^1 supplied. 

After the reaction was completed, a web type product was recognized on the 
fl| upper inner wall surface of the reaction vessel. The web type product was 

15 recovered and observed by using a scanning electron microscope (SEM) and a 
■3 transmission electron microscope (TEM), so that it was recognized that the web 

type product was a carbonaceous material including fullerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
20 electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 6.5 
cm/hour. 

Comparative Example 5 

A carbon nanotube was produced in the same manner as that of the Example 
25 5 except that the thiophene tank was provided and hydrogen gas was bubbled in the 
thiophene, and then, introduced into the reaction vessel and methane gas was not 
introduced to the reaction vessel. 

After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
30 recovered and observed by using a scannmg electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
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type product was a carbonaceous material including fiillerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
5 rod electrode used as the anode was calculated, the decreasing speed was 6.5 
cm/hour. 

Tl was found from the Examples 1 to 7 and the Comparative Examples 1 to 

5 that, when the methane gas as the raw material for flillerenes was supplied to the 
reaction vessel, the decreasing speed of the carbon rod electrode used as the anode 

10 was lower than that of a case in which only the hydrogen gas was supplied to the 
reaction vessel, so that the flillerenes could be continuously synthesized for a long 
time. Further, it was recognized that, when a reaction time was equal to the above, 
more fullerenes, especially, carbon nanotubes could be produced. 

The present invention is not limited to the embodiments and the Examples 

1 5 described by referring to the attached drawings, and various kinds of changes may 
be performed within a scope without departing from the scope of the present 
invention. 

For instance, although the device for producing a carbon nanotube shown in 
Fig. 1 includes the methane gas vessel 6, the hydrogen gas vessel 7 and the 
20 thiophene tank 9, and the device for producing a carbon nanotube shown in Figs. 3 
and 5 includes the hydrogen sulfide gas vessel 1 5 as well as the methane gas vessel 

6 and the hydrogen gas vessel 7, however, has no thiophene tank 9, the device 
shown in Fig. 1 may be provided with the hydrogen sulfide bomb 15 in place of the 
thiophene tank 9, ctnd the device shown in Figs. 3 and 5 may be provided with the 

25 thiophene tank 9 in place of the hydrogen sulfide bomb 15. 

Further, in the above description, although the present invention is applied 
to the examples in which the carbon nanotube is produced, the present invention is 
not limited to the carbon nanotube and may be widely applied to the production of 
carbonaceous materials including fuilerenes, carbon nanotubes or the like. 

30 Further, although the DC power source 4 is used as a power source for 

applying voltage to the part between a pair of the carbon rod electrodes 1 and 2, an 
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AC power source may be used to apply voltage to the part or region between a pair 
of the carbon rod electrodes 1 and 2. 

Further, although the carbon rod including Co and Ni serving as catalysts 
when the carbon nanotube is produced is employed for the carbon rod electrode 1 
5 functioning as the anode, the catalyst is not limited to Co and Ni, Sc, V, Cr, Mn, Fe, 
Cu, Y, Zr, Nb, Mo, Pd, Ta, W, Au, Th, U, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er, Tm, 
Lu, or the like may be included as the catalysts in the carbon rod which forms the 
'j^^ carbon rod electrode 1 serving as the anode. 

Further, as the inert gas mixed with the gas including carbon such as the 
> ^ methane gas, helium, xenon, krypton and nitrogen gas as well as argon gas may be 
.J properly selected and employed. 

^ Industrial Applicability 

U As described above, according to the present invention, a large amount of 

carbonaceous materials including fullerenes, especially, carbon nanotubes can be 
1^1 1 5 easily and readily produced with high yield. 

U Although the present invention has been described with reference to specific 

embodiments, those of skill in the at will recognize that changes may be made 
thereto without departing from the spirit and scope of the invention as set forth in 
the hereafter appended claims. 
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ABSTRACT OF THE DISCLOSURE 
Methods and devices for producing fullerene are provided. The present 
invention includes a pair of electrodes spaced apart to define a region wherein an 
arc discharge can be conducted between the electrode pair and a gas containing 
carbon can be supplied to the region such that fullerene can be easily and readily 
produced. 
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In the claims: 

On page 25, cancel line 1 and substitute the following left-hand justified 
heading therefor: 
CLAIMS 

5 Please cancel claims 1 -26, without prejudice, and substitute the following 

claims therefor: 

27. A method for producing fullerene comprising the steps of: 
providing a pair of carbon-based electrodes spaced apart to define a region 
therebetween; 

10 generating an arc discharge between the pair of carbon-based electrodes; 

and 

supplying a gas containing carbon to the region between the electrodes. 



fil 28 The method for producing tullerene according to claim 27 wherein 

\il 15 the gas containing carbon is continuously supplied to the region between the pair of 

M carbon-based electrodes. 

29. The method for producing fullerene according to claim 27 wherein 
the gas containing carbon includes a hydrocarbon gas. 

20 

30. The method for producing fullerene according to claim 29 wherein 
the hydrocarbon gas includes methane, 

3 1 . The method for producing fullerene according to claim 29 wherein 
25 the gas containing carbon includes sulfur. 

32. The method for producing fullerene according to claim 31 wherein 
the gas containing carbon includes methane and hydrogen sulfide. 

3^ 33. The method for producing fullerene according to claim 31 wherein 

the gas containing carbon passes through thiophene so that the gas containing 
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carbon includes sulfur. 



34. The method for producing fuUerene according to claim 33 wherein 
the gas containing carbon is bubbled in thiophene so that the gas containing carbon 
includes sulfur. 



35. The method for producing flillerene according to claim 27 wherein 
an amount of hydrogen gas is supplied in addition to the gas containing carbon to 
the region between the pair of carbon-based electrodes. 

36. The method for producing flillerene according to claim 27 wherein 
an amount of inert gas is supplied in addition to the gas containing carbon to the 
region between the pair of carbon-based electrodes. 

37. The method for producing fullerene according to claim 27 wherein 
an amount of inert gas and hydrogen gas in addition to the gas containing carbon is 
supplied to the region between the pan: of carbon-based electrodes. 

38. The method for producing fullerene according to claim 27 wherein 
the pair of carbon-based electrodes comprises an anode that includes a catalyst 
metal. 



39. The method for producmg fullerene according to claim 38 wherein 
the catalyst metal is selected from the group consisting of Co, Ni, Sc, V, Cr, Mn, 
Fe, Cu, Y, Zr, Nb, Mo, Pd, Ta, W, Au, Th, U, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er, 
Tm, Lu and mixtures thereof. 



40. A device for producing fullerene comprising: 
a pair of carbon rod electrodes; and 

a gas supply mechanism capable of continuously supplying gas containing 
carbon to a region spaced between the pair of carbon rod electrodes. 



26 



10 



41 . The device for producing fullcrene according to claim 40 wherein 
one of the pair of carbon rod electrodes has a through hole opened to the region 
spaced between the pair of carbon rod electrodes and wherein the gas supply 
mechanism is capable of supplying the gas containing carbon to the region between 
the pair of carbon rod electrodes via the through hole. 

42. The device for producing fullerene according to claim 40 wherein 
the gas supply mechanism includes a pipe having a nozzle in juxtaposition to the 
region between the pair of carbon rod electrodes. 

43. The device for producing fullerene according to claim 40 wherein a 
material gas supply source is further provided for supplying the gas containing 
carbon to the gas supply mechanism. 



1 5 44. The device for producing fullerene according to claim 43 wherein 

the material gas supply source is adapted to supply gas containing hydrocarbon gas 
to the gas supply mechanism. 

45. The device for producing fullerene according to claim 40 wherein a 
20 hydrogen gas supply source is further provided for supplying hydrogen gas to the 

gas supply mechanism. 

46. The device for producing fullerene according to claim 40 wherein an 
inert gas supply source is further provided for supplying inert gas to the gas supply 

25 mechanism. 

47. The device for producing fullerene according to claim 40 wherein a 
hydrogen gas supply soiurce for supplying hydrogen gas to the gas supply 
mechanism and an inert gas supply source for supplying inert gas to the gas supply 

30 mechanism is further provided. 
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48. The device for producing fullerene according to claim 43 wherein 
the material gas supply source is adapted to supply methane to the gas supply 
mechanism. 



5 49. The device for producing fullerene according to claim 43 wherein a 

sulfur adding mechanism for adding sulfur to the gas containing carbon is further 
provided between the material gas supply source and the gas supply mechanism. 

50. The device for producing fullerene according to claim 40 wherein a 
10 hydrogen sulfide supply source for supplying hydrogen sulfide to the gas supply 

mechanism is further provided. 

5 1 . The device for producing fullerene according to claim 40 wherein 
the pair of carbon rod electrodes comprises an anode that includes a catalyst metal, 

15 

52. The device for producing fullerene according to claim 5 1 wherein 
the catalyst metal is selected from the group consisting of Co, Ni, Sc, V, Cr, Mn, 
Fe, Cu, Y, Zr, Nb, Mo, Pd, Ta, W, Au, Th, U, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er, 
Tm, Lu, and combinations thereof. 

20 REMARKS 

The present amendment makes editorial changes and corrects typographical 
errors in the specification, which includes the Abstract, in order to conform the 
specification to the requirements of United States Patent Practice. No new matter is 
added thereby. Attached hereto is a marked-up version of the changes made to the 

25 specification by the present amendment. The attached page is captioned "Version 
With Markings To Show Changes Made^\ 

In addition, the present amendment cancels original claims 1-26 in favor of 
new claim 27-52. Claims 27-52 have been presented solely because the revisions 
by crossing out and underlining which would have been necessary in claims 1-26 in 

30 order to present these claims in accordance with preferred United States Patent 

Practice would have been too extensive, and thus would have been too burdensome. 
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The present amendment is intended for clarification purposes only and not for 
substantial reasons related to patentability pursuant to 35 U.S.C. §§101, 102, 103 
1 12. hideed, the cancellation of claims 1-26 does not constitute an intent on the 
part of the Applicants to surrender any of the subject matter of claims 1-26. 
Early consideration on the merits is respectfully requested. 




Bell, Boyd & Lloyd LLC 
P.O. Box 1135 

Chicago, Illinois 60690-1135 
(312) 807-4310 
Attorneys for Applicants 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



In the Specification: 



DESCRIPTION 

5 Mothod and Dovico for Producing Fuller e n e 

Technical Fi e ld 
SPECIFICATION 
TITLE OF THE INVENTION 
METHOD AND DEVICE FOR PRODUCING FULLERENE 
10 BACKGROUND OF THE INVENTION 



The present invention relates to a method and a device for producing 
fiillerenes and more particularly to a method and a device for producing fullerenes 
capable of simply producing a large amount of fiillerenes, particularly espocially , 
rn 1 5 carbon nanotubes with high yield. 

Background Art 

A carbon nanotube is an allotrope of carbon and is generally known to exist 
comes in a single- walled or a multi-walled form composed of laminating rolled-up 
graphite sheet in a cylindrical form with the thickness of several atomic layer. The 
20 carbon nanotube is a microscopic material whose diameter ranges from about 0.5 
nm to about 10 nm and whose length is about several mm. 

The carbon nanotube attracts public attention as a material to be applied to 
many directions such as a semiconductor super-integrated circuit, a fibrous 
material, a hydrogen absorbing material, a catalyst, etc. as well as a cold cathode 
25 which has been already put to practical use. In particular Sp e cially , the carbon 
nanotube attracts public attention as a new carbon material, because it has a 
theoretically peculiar electrical property, has a large surface area although it is very 
fine, has a large aspect ratio, has a unique hollow configuration and has a unique 
p e culiar surface property derived originated from the unique configuration. 
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From the above described actual circumstances, it has been desired to 
develop a method for easily producing a large amount of carbon nanotubes with 
high yield. 

On tho other hand, fliller e ne Fullerene as an fee allotrope of carbon has 

5 been also expected to be applied to a photosensitive member, a photoelectric 
transfer element, a solar battery, an optical limiter, toner, a non-linear optical 
element, a switching element, a superconductor, a transistor, a Josephson device, a 
sensor, a diode, a catalyst, an emitter, or the like etor It has been desired to develop 
a method for readily simply producing a large amount of fullerene with high yield 

1 0 similarly to the carbon nanotube. 

Th e r e h a v e bo o n hith e rto propoGod, as a A method for producing a carbon 
nanotube, wherein a method that a mixture obtained by mixing catalyst metals^ such 
as carbon and cobalt^ is irradiated with a laser beam in an atmosphere of inert gas 
under reduced pressure to evaporate carbon and synthesize a nanotube and recover 

15 the carbon nanotube on, for instance, a cooled recovery rod whose end is tapered. 
A , and a method wherein that a carbon rod is used as an electrode and an arc 
discharge is generated in an atmosphere of inert gas under reduced pressure to 
allow a carbon nanotube to grow on the carbon ro d, is known, as disclosed in, for 
instance, Japanese Patent Application Laid-open No. hei. 6-28011 6 and Japanese 

20 Patent Application Laid-Open No. hei. 6-15701 6. As for the fullerene, a similar 
producing method has been proposed. 

In the method that the mixture obtained by mixing the catalyst metals^ such 
as carbon and cobalt, is irradiated with the laser beam, a laser light source is 
required, so that a device is large-scaled. In the method that the arc discharge is 

25 generated, since the carbon rod itself^ which is the electrode, serves as a material 
for the carbon nanotube or fullerene, the amount of carbon nanotube or fullerene 
which can be produced is inconveniently restricted depending on the size of the 
carbon rod used as the electrode, 
DisoloGuro of the Invention 
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SUMMARY OF THE INVENTION 

It is an advantage objoot of the present invention to provide a new method 
and a new device for producing fiillerenes which can solve the above described 
problems of the related art. 

It is another advantage object of the present invention to provide a method 
and a device for producing fullerenes by which a large amount of fiillerenes, 
particularly ogp e cially , carbon nanotubes can be easily and readily simply produced 
with high yield. 

In order to achieve the above described advantages objects , according to the 
present invention, there is proposed a method for producing fullerene in such a 
manner that an arc discharge is generated between a pair of carbon rod electrodes 
and gas containing carbon is supplied to a par t, member or reg i on location between 
the pair of carbon rod electrodes. 

According to an embodiment of the present invention, since the gas 
containing carbon serving as a raw material for fullerenes is supphed to the part 
between the pair of carbon rod electrodes, the amount of fullerenes which can be 
produced is not restricted depending on the size of the carbon rods used as the 
electrodes ?. In this reeard, fullerenes can be synthesized for a long time and a large 
amount of fullerenes, particularly e opecially , carbon nanotubes can be easily and 
readily simply produced with high yield. 

According to an embodiment of the present invention, the gas containing 
carbon is d e sirably continuously supplied to the part between the pair of carbon rod 
electrodes. The gas containing carbon includes gas having hydrocarbon gas as a 
main component. The gas containing carbon d e sirably includes methane. Further, 
the gas containing carbon desirably includes sulfiin 

According to an embodiment th e method of the present invention, when 
fullerenes and, especially, carbon nanotubes are produced, the gas containing 
carbon includes sulfiir serving as an accelerator in addition to methane, so that the 
fullerenes, particularly spocially , the carbon nanotubes can be accelerated to be 
produced. 
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The In an embodiment, the gas containing carbon used in the present 
invention de i sirably includes methane and hydrogen sulfide. Since the gas 
containing carbon includes hydrogen sulfide including sulfur serving as the 
accelerator, the fullerenes and , especially, the carbon nanotubes can be accelerated 
5 to be produced. 

According to an embodiment the m e thod of the present invention, the gas 
containing carbon is allowed to pass through thiophene so that the gas containing 
carbon includes sulfur. 

P According to an embodiment th e mothod of the present invention, the gas 

ill 10 containing carbon is bubbled into thiophene so that the gas containing carbon 

includes sulfur. 

^'4 Further, according to an embodiment th e method of the present invention, 

hydrogen gas and/or inert gas is supplied in addition to the gas containing carbon to 

: the part between the pair of carbon rod electrodes. Here, as the inert gas, helium or 

lij 1 5 argon is employed, and fiirther, xenon, krypton or nitrogen or the like can be 

i^: employed. 

According to an embodiment th e method of the present invention, the 
carbon rod electrode of the pair of carbon rod electrodes serving as an anode 
desirably includes catalyst metal. The catalyst metal is composed of one or two or 
20 more of metals s e lect e d from a group including Co, Ni, Sc, V, Cr, Mn, Fe, Cu, Y, 
Zr, Nb, Mo, Pd, Ta, W, Au, Th, U, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er, Tm^ esid Lu 
like metals or mixtures thereof . Since the carbon rod electrode serving as the anode 
includes the above mentioned catalyst metals, metal-containing fiillerenes which 
contain these catalyst metals can be efficiently produced. 
25 In ord e r to achiovo the abovo d e soribod objects In an embodiment of the 

present invention , a propos e d device for producing fuUerene according to tho 
pr e sent inv e ntion compris e s includes a pair of carbon rod electrodes; and a gas 
supply mechanism capable of continuously supplying gas containing carbon to a 
part or region between the pair of carbon rod electrodes. 
30 Since the device for producing fullerene according to an embodiment of the 

present invention includes comprise s the gas supply mechanism capable of 
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supplying the gas containing carbon as a raw material of fiillerenes to a part 
between a pair of carbon rod electrodes, the amount of fiillerenes which can be 
produced is not restricted depending on the size of the carbon rods used as the 
electrodes ?. In this regard, the fullerenes can be synthesized for a long time and a 
large amount of fullerenes and, especially, carbon nanotubes can be simply 
produced with high yield. 

Further, in the device according to an embodiment of the present invention, 
one of the pair of carbon rod electrodes has a through hole opened to the part 
between the pair of carbon rod electrodes , hi this regard, and the gas supply 
mechanism can supply the gas containing carbon to the part between the pair of 
carbon rod electrodes through the through hole. 

As described above, since one of the pair of carbon rod electrodes has the 
through hole opened to the part between the pair of carbon rod electrodes and the 
gas containing carbon can be supplied to the part between the carbon rod electrodes 
through the through hole, the gas containing carbon can be assuredly supplied to an 
arc discharge part between the pair of carbon rod electrodes T. In this regard, the 
amount of fullerenes which can be produced is not restricted by the size of carbon 
rods used as the electrodes -Thus, the fullerenes can be synthesized for a long time 
and a large amount of fullerenes and, especially, carbon nanotubes can be simply 
easily and readily produced with high yield. 

In the device according to an embodiment of the present invention, the gas 
supply mechanism includes a pipe having a nozzle opposed to the part between the 
pair of carbon rod electrodes. 

The device for producing fullerene according to an embodiment of the 
present invention further includes a material gas supply source for supplying the 
gas containing carbon to the gas supply mechanism. 

The material gas supply source is adapted to supply gas containing 
hydrocarbon gas as a main component to the gas supply mechanism according to an 
embodiment of the present invention . 

The device for producing fullerene according to an embodiment of the 
present invention further includes a hydrogen gas supply source and/or an inert gas 
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supply source for supplying hydrogen gas and/or inert gas to the gas supply 
mechanism. Here, as the inert gas, helium or argon is used, and further, xenon, 
krypton^ ef nitrogen or the Hke can be employed. 

In the device for producing fuUerene according to an embodiment of the 
5 present invention, the material gas supply source is adapted to supply methane to 
the gas supply mechanism. 

The device for producing fuUerene according to an embodiment of the 
:,ir present invention further includes a sulfur adding mechanism m eans for adding 

-ft*! 

p sulfur to the gas containing carbon between the material gas supply source and the 

\ft 10 gas supply mechanism. Since the sulfur adding mechanism naems is provided and 

T: the gas containing carbon includes sulfur serving as an accelerator when the 

'■"4 fullerenes and , especially, the carbon nanotubes are produced, the fullerenes^ 

spocially, the carbon nanotubes are accelerated to be produced. 

J ■■2= 

: ^ The device for producing fullerene according to an embodiment of the 

i;Q 15 present invention further includes a hydrogen sulfide supply source for supplying 

'C^ hydrogen sulfide to the gas supply mechanism. As described above, the hydrogen 

sulfide supply source is provided and the gas containing carbon includes hydrogen 
sulfide containing sulfur serving as an accelerator in addition to methane, so that 
the fullerenes and, especially, the carbon nanotubes can be accelerated to be 
20 produced. 

hi the device for producing fullerene according to the present invention, the 
carbon rod electrode of the pair of carbon rod electrodes serving as an anode 
includes catalyst metal. The catalyst metal is composed of one or two or more of 
metals aeleotod from a group including Co, Ni, Sc, V, Cr, Mn, Fe, Cu, Y, Zr, Nb, 

25 Mo, Pd, Ta, W, Au, Th, U, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er, Tm^ oad Lu like 
metals or combinations thereof The carbon rod electrode serving as the anode 
includes these catalyst metals so that metal-containing fullerenes containing these 
catalyst metals can be efficiently produced. 

Still oth e r objects of tho proGont invention and Gp e cific advantag e s obtained 

30 by the pr e sent inv e ntion will bo more appar e nt from tho explanation of 
embodimontg describ e d b e l ow; 
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Additional features and advantages of the present invention are described in, 
and will be apparent from, the following Detailed Description of the Invention and 
the Figures. 

BRIEF DESCRIPTION OF THE FIGURES 
Bri e f D e scription of th e Drawings 

Fig. 1 is a substan t ial side view showing one embodiment of a device for 
producing carbon nanotubes according to the present invention. 

Fig. 2 is substantial side view showing another embodiment of a device for 
producing carbon nanotubes according to the present invention. 



10 Fig. 3 is a substantial side view showing other yet another embodiment of a 



device for producing carbon nanotubes according to the present invention. 

Fig- 4 is a substantially perspective view showing a carbon rod electrode 
used as a cathode in the device for producing carbon nanotubes shown in Fig. 3. 

Fig. 5 is a substantial side view showing still other another embodiment of a 
igl 1 5 device for producing carbon nanotubes according to the present invention, 

g DETAILED DESCRIPTION OF THE INVENTION 

B e st Mod e for Carrying Out th e Inv e ntion 

Now, referring to the drawings, a method for producing flillerenes according 
to the present invention, e sp e cially in particular^ a producing device used for 
20 producing carbon nanotubes will be described below. 

The In an embodiment, the device for producing carbon nanotubes 
according to the present invention comprises includes, as shown in Fig. 1, a first 
carbon rod electrode 1 serving as an anode and a second carbon rod electrode 2 
serving as a cathode. A pair of the first and second carbon rod electrodes 1 and 2 
25 are arranged in a reaction vessel 3 so that one end of one electrode is opposed to 
one end of the other electrode. The other ends of the first carbon rod electrode 1 
and the second carbon electrode 2 are respectively connected to a DC power source 
4 so that an arc discharge 5 can be generated between a pair of the first carbon rod 
electrode 1 and the second carbon rod electrode 2. Here, for the carbon rod 
30 electrode 1 serving as the anode, is employed a carbon rod including Co and Ni 
which fimction as catalysts when the carbon nanotube is produced. 
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The device for producing carbon nanotubes according to an embodiment of 
the present invention further comprises includes, as shown in Fig. 1, a methane gas 
bomb vessel 6 and a hydrogen gas bomb vessel 7. Methane gas supplied from the 
methane gas bomb vessel 6 and hydrogen gas supplied from the hydrogen gas 
bomb vessel 7 are mixed together in a gas supply pipe 8 and the mixed gas is 
guided to a thiophene tank 9. The mixed gas of methane and hydrogen is 
introduced into thiophene 10 and bubbled therein, sulfur is added to the mixed gas 
and the sulfur added gas is guided to the reaction vessel 3 through the gas supply 
pipe 8. 

The gas supply pipe 8 is provided with, as shown in Fig. 1, a nozzle ^ 
opposed to a part between a pair of the first carbon rod electrode 1 and the second 
carbon rod electrode 2 in which the arc discharge 5 is generated. The mixed gas of 
methane and hydrogen is supplied from the nozzle 11 to the part between a pair of 
the first carbon rod electrode 1 and the second carbon rod electrode 2 in which the 
arc discharge 5 is generated. The reaction vessel 3 is further provided with a gas 
discharge part 12. 

The device for producing carbon nanotubes according to an embodiment of 
the present invention produces carbon nanotubes in such a manner as described 
below. 

When an electric current is supplied to the first and second carbon rod 
electrodes 1 and 2 from the DC power source 4, the arc discharge 5 is generated 
between one pair of the first and second carbon rod electrodes 1 and 2. 

At the same time, methane gas and hydrogen gas are respectively supplied, 
for instance, in the volume ratio 1 : 5 from the methane gas bomb vessel 6 and the 
hydrogen gas bomb vessel 7 to the gas supply pipe 8. These gases are mixed each 
other in the gas supply pipe 8, then, the mixed gas is guided to the thiophene tank 9 
and introduced into the thiophene 1 0 and bubbled therein and sulfur is added to the 
mixed gas. 

The mixed gas of methane and hydrogen to which sulfur is added in the 
thiophene tank 9 is guided to the reaction vessel 3 through the supply pipe 8, and 
supplied at a prescribed flow velocity from the nozzle 1 1 to the part or region 
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between a pair of the first carbon rod electrode 1 and the second carbon rod 
electrode 2 in which the arc discharge 5 is generated. As a result, a carbon 
nanotube is produced to enable the carbon nanotube to grow on the second carbon 
rod electrode 2. 

5 In this cas e , th e carbon nanotub e which is allowed to grow on the second 

carbon rod el e ctrode 2 is accumulated on - th e s e cond carbon rod electrodo 2, which 
may possibly und es irably d e cr e ase the discharge area of the second carbon rod 
e l e ctrod e 2 and g e nerate a trouble in the arc discharg e. In the device for producing 
fullerene according to an embodiment of the present invention, since the mixed gas 

10 of methane and hydrogen is supplied to the part in which the arc discharge 5 is 

generated, the flow velocity of the mixed gas of methane and hydrogen is selected 
so that the phenomenon that the produced carbon nanotube is accumulated on the 
second carbon rod 2 to decrease its discharge area is effectively prevented and the 
carbon nanotube can be produced with high yield. It should be appreciated that 

15 accumulation on the second carbon rod electrode 2 of the carbon nanotube is 

undesirable because this would necessarily decrease the discharge area of the rod 
electrode 2 and thus impede arc disclosure. 

The In an embodiment the produced carbon nanotube is preferably rapidly 
cooled. In the device according to the present invention, since the mixed gas of 

20 methane and hydrogen is supplied to a high temperature part in which the arc 
discharge 5 is generated, the carbon nanotube produced by the nruxed gas of 
methane and hydrogen can be effectively cooled. Further, the flow velocity of the 
mixed gas of methane and hydrogen is selected, so that cooling speed can be 
controlled to desired speed. 

25 In the device for producing a carbon nanotube according to an embodiment 

of the present invention, since the mixed gas of methane and hydrogen which 
serves as the material of the carbon nanotube is supplied at a prescribed flow 
velocity from the nozzle 1 1 to the part between a pair of the first and second carbon 
rod electrodes 1 and 2 in which the arc discharge 5 is generated, the amount of 

30 carbon nanotube which can be produced is not limited depending on the size of the 
carbon rods used as the electrodes, and the carbon nanotube can be synthesized for 
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a long time. Therefore, a large amount of the carbon nanotube can be simply easily 
and readily produced with high yield as compared with the conventional device. 

Further, in the device according to an embodiment of the present invention, 
the flow velocity of the mixed gas of methane and hydrogen supplied to the part 
5 between a pair of the first and second carbon rod electrodes 1 and 2 in which the 
arc discharge 5 is generated is selected so that the phenomenon that the produced 
carbon nanotube is accumulated on the second carbon rod electrode 2 to decrease 
its discharge area can be effectively decreased, and the carbon nanotube can be 
produced with high yield. 

10 Further, in the device according to an embodiment of the present invention, 

the produced carbon nanotube can be effectively cooled by the mixed gas of 
methane and hydrogen supplied to the part between a pair of the first carbon rod 
electrode 1 and the second carbon rod electrode 2 in which the arc discharge 5 is 
generated. Further, the flow velocity of the mixed gas of methane and hydrogen is 

15 selected so that the cooling speed can be controlled to a desired value. 

Further, the mixed gas of methane and hydrogen is guided to the thiophene 
tank 9, introduced into the thiophene 10 and bubbled therein. Then, since the 
resultant mixed gas is supplied together with sulfur serving as an accelerator upon 
producing carbon nanotube to the part between a pair of the first carbon rod 

20 electrode 1 and the second caibon rod electrode 2 in which the arc discharge 5 is 
generated, the production of the carbon nanotube can be accoloratod enhanced . 

In the above described device for producing the carbon nanotube, although 
sulfur is added to the mixed gas obtained by adding hydrogen gas to methane gas 
used as the gas containing carbon and the sulfur added mixed gas is supplied to the 

25 part between the first and second carbon rod electrodes 1 and 2 in which the arc 
discharge 5 is generated, inert gas may be mixed to methane gas in place of 
hydrogen gas. As the inert gas, helium or argon is can be used, and further, xenon, 
krypton^ or nitrogen or the like may be employed. In the case of a device for 
producing a carbon nanotube by using the inert gas, an inert gas bomb vessel is 

30 used in place of the hydrogen gas bomb vessel 7 in the producing device shown in 
Fig. 1. 
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Also in this case, the methane gas and the inert gas are supplied, for 
instance, in the volume ratio 1 : 5, to the gas supply pipe 8, they are mixed together 
in the gas supply pipe 8, and then, the mixed gas is guided to the thiophene tank 9, 
introduced into the thiophene 10 and bubbled therein and sulfur is added to the 
mixed gas. 

Even when the inert gas is used in such a manner, a large amount of carbon 
nanotube can be simp ly readily and easily produced with high yield. 

Still further, in the device for producing the carbon nanotube according to 
an embodiment of the present invention, the hydrogen gas and the inert gas may be 
mixed with the methane gas used as the gas containing carbon. In this case, as 
shown in Fig. 2, an inert gas bomb vessel 17 is arranged in parallel with a methane 
gas bomb vessel 6 and a hydrogen gas bom b vessel 7 in a device for producing a 
carbon nanotube. Then, methane gas supplied from the methane gas bomb vessel 6, 
hydrogen gas supplied firom the hydrogen gas bomb vessel 7 and inert gas supplied 
from the inert gas bomb vessel 17 are mixed together in a gas supply pipe 8 and the 
mixed gas is guided to a thiophene tank 9. 

In the device for producing a carbon nanotube, the methane gas, the inert 
gas and the hydrogen gas are supplied, for instance, in the volume ratio 1 : 1 : 4 to 
the gas supply pipe 8, and mixed together in the gas supply pipe 8, and then, the 
mixed gas is guided to the thiophene tank 9, introduced to thiophene 10 and 
bubbled therein, and sulfur is added to the mixed gas. 

Even when the inert gas is mixed to the methane gas together with the 
hydrogen gas as described above, a large amount of carbon nanotubes can be easily 
and readily produced with high yield. 

Now, other e mbodim e nt of In an embodiment, a device for producing a 
carbon nanotube according to the present invention will be described with reference 
to Figs. 3 and 4. 

In a device for producing a carbon nanotube according to an embodiment , 
as shown in Fig. 3, a hydrogen sulfide gas bomb vessel 15 is provided in addition to 
a methane gas bomb vessel 6 and a hydrogen gas bomb vessel 7. Methane gas and 
hydrogen sulfide gas are mixed together, for instance, in the volume ratio 9:1. 
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Further, the obtained mixed gas of methane gas and hydrogen sulfide gas, and 
hydrogen gas are mixed together, for instance, in the volume ratio 1 : 5, and the 
mixed gas of methane, hydrogen sulfide and hydrogen is supplied to a reaction 
vessel 3- In the device shown in Fig. 3, a thiophene tank 9 is not provided as in the 
5 above described devices for producing a carbon nanotube. 

In the device for producing a carbon nanotube according to an embodiment 
of the present invention shown in Figs. 3 and 4, a through hole 16 passes through a 
carbon rod electrode 3 serving as a cathode along the longitudinal axis of the 

■O 

carbon rod electrode 2, and is opened to a part between a pair of a first carbon rod 
10 electrode 1 and the second carbon rod electrode 2. The through hole 16 forms a 
^'4 part of a gas supply pipe 

The carbon nanotube is produced in such a manner as described below by 
• employing the device for producing a carbon nanotube constructed as described 

111 above, 

jig 15 When an electric current is supplied to the first and second carbon rod 

electrodes 1 and 2 fi-om a DC power source 4, an arc discharge & is generated in a 
part between a pair of the first and second carbon rod electrodes 1 and 2. 

At the same time, the methane gas and the hydrogen sulfide gas are 
respectively supplied from the methane gas bomb vessel 6 and the hydrogen sulfide 
20 gas bomb vessel 1 5, for instance, in the volume ratio 9 : 1 , to the gas supply pipe 8. 
Further, the hydrogen gas is supplied to the gas supply pipe 8 firom the hydrogen 
gas bomb vessel 7, and the obtained mixed gas of methane gas and the hydrogen 
sulfide gas, and the hydrogen gas are mixed together, for example, in the volume 
ratio 1 : 5 and the mixed gas of methane, hydrogen sulfide and hydrogen is supplied 
25 to the through hole 16 formed in the carbon rod electrode 2 by the gas supply pipe 
8. 

Since the through hole 16 is formed so as to be opened to the part between a 
pair of the first carbon rod electrode 1 and the second carbon rod electrode 2, the 
mixed gas of methane, hydrogen sulfide and hydrogen supplied to the through hole 
30 1 6 is supplied to the part of the arc discharge 5 formed between a pair of the first 
carbon rod electrode 1 and the second carbon rod electrode 2 at a prescribed flow 
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velocity. In consequence, a caibon nanotube is formed and the carbon nanotube is 
allowed to grow on the carbon rod electrode 2. 

Since the device for producing a carbon nanotube according to an 
embodiment of the present invention is utilized so that the mixed gas of methane, 
hydrogen sulfide and hydrogen which is a raw material for the carbon nanotube is 
supplied through the through hole 16 formed in the carbon rod electrode 2 serving 
as the cathode and opened to the part between a pair of the carbon rod electrode 1 
and the carbon rod electrode 2, the mixed gas of methane, hydrogen sulfide and 
hydrogen as the raw material for the carbon nanotube can be directly supplied to the 
part of the arc discharge 5 generated between a pair of the first carbon rod electrode 
1 and the second carbon rod electrode 2 to produce the carbon nanotube. The 
device for producing a carbon nanotube according to the present invention is 
employed so that the amount of the carbon nanotubes which can be produced is not 
restricted by the size of the carbon rods used as the electrodes and the carbon 
nanotubes can be synthesized for a long period. Therefore, a larger amount of 
carbon nanotubes can be s imply easily and readily produced witii higher yield than 
that produced by the conventional device. 

In the device for producing a carbon nanotube according to an embodiment 
of the present invention, the flow velocity of the mixed gas of methane, hydrogen 
sulfide and hydrogen supplied to the part between a pair of the first carbon rod 
electrode 1 and the second carbon rod electrode 2 in which the arc discharge 5 is 
generated is selected, and accordingly, a state that the produced carbon nanotube is 
accumulated on the carbon rod electrode 2 to decrease its discharge area can be 
effectively prevented, and the carbon nanotube can be produced with high yield. 

Further, in the device for producing a carbon nanotube according to an 
embodiment of the present invention, the produced carbon nanotube can be 
effectively cooled by the mixed gas of methane, hydrogen sulfide and hydrogen 
supplied to the part between a pair of the carbon rod electrode 1 and the carbon rod 
electrode 2 in which the arc discharge 5 is generated. Still further, the flow velocity 
of the mixed gas of methane and hydrogen is selected so that the cooling speed can 
be controlled as desired. 
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Still further, according to the device for producing a carbon nanotube of the 
present invention, since the hydrogen sulfide gas containing sulfur functioning as 
an accelerator when the carbon nanotube is produced is mixed with the methane gas 
and the hydrogen gas, and the mixed gas of methane, hydrogen sulfide and 
hydrogen is supplied to the part between a pair of the first carbon rod electrode 1 
and the second carbon rod electrode 2 in which the arc discharge 5 is generated, the 
production of the carbon nanotube can be accelerated. 

In the device for producing the carbon nanotube shown in Figs. 3 and 4, 
although the hydrogen sulfide bomb vessel 15 is provided in addition to the 
methane gas bomb vessel 6 and the hydrogen gas bomb vessel 7, the hydrogen gas 
is further mixed with the mixed gas of methane gas and hydrogen sulfide gas and 
the mixed gas of methane, hydrogen sulfide and hydrogen is supplied to the 
reaction vessel 3, the inert gas may be mixed with the methane gas in place of the 
hydrogen gas. As the inert gas, helium or argon is used, and further, xenon, 
krypton^ or nitrogen or the like may be employed. In the case of the device for 
producing a carbon nanotube which employs the inert gas, the inert gas bomb 
vessel is used in place of the hydrogen gas bomb vessel 7 in the device shown in 
Fig. 3. Also in this case, the methane gas and the hydrogen sulfide gas are mixed 
together, for instance, in the volume rafio 9:1, and further, the obtained mixed gas 
of methane gas and the hydrogen sulfide gas, and the inert gas are mixed together, 
for instance, in the volume ratio 1:5. Then, the mixed gas of methane, hydrogen 
sulfide and inert gas is adapted to be supplied to the reaction vessel 3. 

Even when the inert gas is employed as described above, a large amount of 
carbon nanotubes can be easily produced so as to have a high yield. 

Still further, in the device for producing a carbon nanotube according to ^ 
embodiment of the present invention, the hydrogen gas and the inert gas may be 
further mixed with the mixed gas of the methane gas and the hydrogen sulfide gas, 
and the mixed gas of methane, hydrogen sulfide, hydrogen and inert gas may be 
supphed to the reaction vessel 3. A device for producing a carbon nanotube in this 
case has a hydrogen sulfide gas bomb vessel 15 provided in addition to a methane 
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gas bomb vessel 6 and a hydrogen gas bomb vessel 7, and further, an inert gas 
bomb vessel 17 provided in parallel therewith, as shown in Fig. 5. 

In the device for producing a carbon nanotube, methane gas and hydrogen 
sulfide gas are mixed together, and further, hydrogen gas and inert gas are mixed 
with the mixed gas of the methane gas and the hydrogen sulfide gas and the 
obtained mixed gas is supplied to a reaction vessel 3. In this case, the hydrogen 
gas, the inert gas, the methane gas and the hydrogen sulfide gas are mixed together 
in the voliune ratio 4 : 1 : 0.9 : 0.1. 

Even when the hydrogen gas and the inert gas are further mixed in such a 
manner as described above, a large amount of carbon nanotubes can be simply 
readily and/or easily produced with high yield. 

Now, in ord o r to mor e clearly show the advantages of tho present invention, 
Exampl o G and Comparativo Examples of tho prosont invention wll be d e scrib e d 
b e low. Example 1 

Applicants have conducted a number of tests to demonstrate the ef ficacy of 
the present invention. The following examples are illustrative of a n embodiment of 
the present invention and, thus, are not intended to limit the scope of the present 
invention. 
Example 1 

A carbon nanotube was produced by using a device for producing a carbon 
nanotube shown in Fig. L 

The mixed gas obtained by mixing hydrogen gas and methane gas together 
in the volume ratio 5 : 1 was supplied to a reaction vessel at a flow velocity of 100 
ml/minute. The pressure in the reaction vessel was maintained to about L33 x iO^ 
10^ Pascal. DG A direct current (DC) voltage of 25 V was applied to a part or 
region between a pair of carbon rod electrodes to perform a reaction for about 45 
minutes. At this time, an electric current generated between a pair of the carbon 
rod electrodes was produced at about 150A. In this case, a thiophene tank was not 
provided so that the hydrogen gas and the methane gas were directly introduced 
into the reaction vessel. 
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As the carbon rod electrode serving as an anode, a carbon rod including 
Co/Ni a ratio at the rate of about 1.2/1.2 (mol%) was used and a carbon rod with 
the diameter of about 1 0 mm and the length of about 1 00 mm was used for each 
carbon rod electrode. 

5 After the reaction was completed, a web type product was recognized on the 

upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 

iji type product was fuller e n e mainly compos e d of carbon nanotubes a carbonaceous 

Jill 1 0 material including fuUerenes. carbon nanotubes or the like. 

'.'^^ Further, after the reaction was completed, when the length of the carbon rod 

.-^1 electrode used as the anode was measured and the decreasing speed of the carbon 

f - rod electrode used as the anode was calculated, the decreasing speed was about 5.2 

cm/hour. 
Ijr 15 Example 2 

! : A carbon nanotube was produced in the absolut e ly same manner as that of 

the Example 1 except that hydrogen gas and methane gas were mixed together in 
the volume ratio 5 : 1 and the obtained mixed gas was supplied to a reaction vessel 
at a flow velocity of 100 ml/minute and the pressure in the reaction vessel was 

20 maintained to 3.33 x 4^ lOf Pascal. 

After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by iising a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 

25 type product was a carbonaceous material including fullerene mainly composed of 
carbon nanotubes. 

Further, afler the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 5.1 
30 cm/hour. 
Example 3 
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A carbon nanotube was produced in the absolutely same manner as that of 
the Example 1 except that hydrogen gas and methane gas were mixed together in 
the volume ratio 5 : 1 and the obtained mixed gas was supplied to a reaction vessel 
at a flow velocity of 1 00 ml/minute and the pressure in the reaction vessel was 

5 maintained to 6.33 x 10^ lOi Pascal. 

After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 

10 type product was a carbonaceous material including fiillerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 5.1 
1 5 cm/hour. 
Example 4 

A carbon nanotube was produced by using a device for producing a carbon 
nanotube shown in Fig. 2. 

The mixed gas obtained by mixing hydrogen gas, argon gas and methane 
20 gas together in the volume ratio 4:1:1 was supplied to a reaction vessel at a flow 
velocity of 100 ml/minute. The pressure in the reaction vessel was maintained to 
about 1 .33 x 40^ 1^ Pascal. DC voltage of 25V was applied to a part between a 
pair of carbon rod electrodes to perform a reaction for about 45 minutes. At this 
time, an electric current generated between a pair of tfie carbon rod electrodes was 
25 about 150A. 

As the carbon rod electrode serving as an anode, a carbon rod including 
Co/Ni at the rate of 1 .2/1 .2 (mol%) was used and a carbon rod with the diameter of 
10 mm and the length of 100 mm was used for each carbon rod electrode. 

After the reaction was completed, a web type product was recognized on the 
30 upper inner wall surface of the reaction vessel. The web type product was 

recovered and observed by using a scanning electron microscope (SEM) and a 
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transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceous material including fiillerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
5 electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 5.1 
cm/hoiu". 
Example 5 

A carbon nanotube was produced by using the device for producing a 
10 carbon nanotube shown in Figs. 3 and 4. 

A carbon nanotube was produced in the absolut e ly same manner as that of 
the Example 3 except that a carbon rod having a through hole formed along a 
j:^ longitudinal axis with the diameter of 2 mm including the longitudinal axis was 

;^ used as a cathode, hydrogen gas and methane gas and hydrogen sulfide gas were 

m 1 5 mixed together in the volume ratio 5 : 0.9 : 0. 1 and the obtained mixed gas was 

supplied to a reaction vessel through the through hole* 

After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
20 transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceous material including fiillerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
25 rod electrode used as the anode was calculated, the decreasing speed was 3.6 
cm/hour. 
Example 6 

A carbon nanotube was produced in the absolutely same manner as that of 
the Example 3 except that the thiophene tank was provided and hydrogen gas and 
30 methane gas were bubbled in the thiophene, and then, introduced into the reaction 
vessel. 
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After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
5 type product was a carbonaceous material including fuUerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 3.6 
10 cm/hour. 
Example 7 

A carbon nanotube was produced by using the device for producing a 
f ^ carbon nanotube shown in Fig. 5. 

i y A carbon rod having a through hole formed along a longitudinal axis with 

15 the diameter of 2 mm including the longitudinal axis was used as a cathode, 
H methane gas and hydrogen sulfide gas were mixed together and further, hydrogen 

gas and inert gas were mixed with the mixed gas of the methane gas and the 
hydrogen sulfide gas and the obtained mixed gas was supplied to the reaction vessel 
3 through the through hole. At this time, hydrogen gas, argon gas, methane gas, 
20 and hydrogen sulfide gas were mixed together in the volume ratio 4 : 1 : 0.9 : 0. 1 . 
The carbon nanotube was produced in the absolut e ly same manner as that of the 
Example 3 except that the kinds tvpes of the mixed gas and the mixed ratio were 
different from those of the Example 3 . 

After the reaction was completed, a web type product was recognized on the 
25 upper inner wall surface of the reaction vessel. The web type product was 

recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceous material including fullerene mainly composed of 
carbon nanotubes. 

30 Further, after the reaction was completed, when the length of the carbon rod 

electrode used as the anode was measured and the decreasing speed of the carbon 
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rod electrode used as the anode was calculated, the decreasing speed was 3.5 
cm/hour. 

Comparative Example 1 

A carbon nanotube was produced m under the absolutely same reaction 
5 conditions as those of the Example 1 that hydrogen gas was introduced to the 

reaction vessel, the pressure in the reaction vessel is maintained to 1.33 x 4rG3^ 10*^ 
Pascal^ and the DC voltage of 25V was applied to the part between a pair of carbon 
rod electrodes to perform a reaction for 45 minutes except that methane gas was not 
introduced to the reaction vessel. 

10 After the reaction was completed, a web type product was recognized on the 

upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceous material including fullerene mainly composed of 

1 5 carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 6.0 
cm/hour. 

20 Comparative Example 2 

A carbon nanotube was produced m under the absolut e ly same reaction 
conditions as those of the Example 1 that hydrogen gas was introduced to the 
reaction vessel, the pressure in the reaction vessel is maintained to 3.33 x 4-0^ j_0^ 
Pascal^ and the DC voltage of 25 V was applied to the part between a pair of carbon 

25 rod electrodes to perform a reaction for 45 minutes except that methane gas was not 
introduced to the reaction vessel. 

After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 

30 transmission electron microscope (TEM), so that it was recognized that the web 
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type product was a carbonaceous material including fuUerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 6.3 
cm/hour. 

Comparative Example 3 

A carbon nanotube was produced in the a bsolutely same reaction conditions 
as those of the Example 1 that hydrogen gas was introduced to the reaction vessel, 
the pressure in the reaction vessel is maintained to 3.33 x 10^ 10^ Pascal^ and the 
DC voltage of 25 V was applied to the part between a pair of carbon rod electrodes 
to perform a reaction for 45 minutes except that methane gas was not introduced to 
the reaction vessel. 

After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceous material including fullerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 6.6 
cm/hour. 

Comparative Example 4 

A carbon nanotube was produced in the absolutely same manner as that of 
the Example 4 except that a carbon rod having a though hole formed along a 
longitudinal axis with the diameter of 2 mm including the longitudinal axis was 
used as a cathode and hydrogen gas was supplied through the through hole and 
methane gas was not supplied. 

After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
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recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceous material including fiillerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode used as the anode was calculated, the decreasing speed was 6.5 
cm/hour. 

Comparative Example 5 

A carbon nanotube was produced in the absolutely same manner as that of 
the Example 5 except that the thiophene tank was provided and hydrogen gas was 
bubbled in the thiophene, and then, introduced into the reaction vessel and methane 
gas was not introduced to the reaction vessel. 

After the reaction was completed, a web type product was recognized on the 
upper inner wall surface of the reaction vessel. The web type product was 
recovered and observed by using a scanning electron microscope (SEM) and a 
transmission electron microscope (TEM), so that it was recognized that the web 
type product was a carbonaceous material including fiillerene mainly composed of 
carbon nanotubes. 

Further, after the reaction was completed, when the length of the carbon rod 
electrode used as the anode was measured and the decreasing speed of the carbon 
rod electrode tised as the anode was calculated, the decreasing speed was 6.5 
cm/hour. 

It was found from the Examples 1 to 7 and the Comparative Examples 1 to 
5 that, when the methane gas as the raw material for fullerenes was supplied to the 
reaction vessel, the decreasing speed of the carbon rod electrode used as the anode 
was lower than that of a case in which only the hydrogen gas was supplied to the 
reaction vessel, so that the fiiUerenes could be continuously synthesized for a long 
time. Further, it was recognized that, when a reaction time was equal to the above, 
more fiillerenes, especially, carbon nanotubes could be produced. 
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The present invention is not limited to the embodiments and the Examples 
described by referring to the attached drawings, and various kinds of changes may 
be performed within a scope without departing from the gist scope of the present 
invention. 

5 For instance, although the device for producing a carbon nanotube shown in 

Fig. 1 oompriseo includes the methane gas b om b vessel 6, the hydrogen gas bomb 
vessel 7 and the thiophene tank 9, and the device for producing a carbon nanotube 
shown in Figs. 3 and 5 e empris e s includes the hydrogen sulfide gas bomb vesse l 15 
as well as the methane gas bomb vessel 6 and the hydrogen gas bomb vessel 7, 

10 however, has no thiophene tank 9, the device shown in Fig. 1 may be provided with 
the hydrogen sulfide bomb 15 in place of the thiophene tank 9, and the device 
shown in Figs. 3 and 5 may be provided with the thiophene tank 9 in place of the 
hydrogen sulfide bomb 15. 

Further, in the above description, although the present invention is applied 

1 5 to the examples in which the carbon nanotube is produced, the present invention is 
not limited to the carbon nanotube and may be widely applied to the production of 
carbonaceous materials including fullerenes^ including carbon nanotubes or the 
like . 

Further, although the DC power source 4 is used as a power source for 
20 applying voltage to the part between a pair of the carbon rod electrodes 1 and 2, an 
AC power source may be used to apply voltage to the part or region between a pair 
of the carbon rod electrodes 1 and 2. 

Further, although the carbon rod including Co and Ni serving as catalysts 
when the carbon nanotube is produced is employed for the carbon rod electrode 1 
25 functioning as the anode, the catalyst is not limited to Co and Ni, Sc, V, Cr, Mn, Fe, 
Cu, Y, Zr, Nb, Mo, Pd, Ta, W, Au, Th, U, La, Ce, Pr, Nd, Gd, Tb, Dy, Ho, Er, Tm, 
Lu. eter or the like may be included as the catalysts in the carbon rod which forms 
the carbon rod electrode 1 serving as the anode. 

Further, as the inert gas mixed with the gas including carbon such as the 
30 methane gas, helium, xenon, krypton and nitrogen gas as well as argon gas may be 
properly selected and employed. 
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Industrial Applicability 

As described above, according to the present invention, a large amount of 
carbonaceous materials including fiillerenes, especially, carbon nanotubes can be 
simply easily and readily produced with high yield. 

Although the present invention has been described with reference to specific 
embodiments, those of skill in the at will recognize that changes may be made 
thereto wi thout de parting from the spirit and scope of the invention as set forth in 
the hereafter appended claims. 
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ABSTRACT OF THE DISCLOSURE 
An arc discharge is g e nerated betwe e n a p ai r o f ca r bon rod olectrodes 1 an d 
2 and gas containing oarbon is supplied to a part botwoon tho pair of carbon 
e lectrod e s 1 and 2 jfrom a gas supply pipe 8 or a through holo 16, so that a largo 
amount of fulleren e s^ especially oarbon nanotub e s is simply produced with high 
>ield. 

Methods and devices for producing fiiUerene are provided. The present 
invention includes a pair of electrodes spaced apart to define a region wherein an 
arc discharge can be conducted between the electrode pair and a gas containing 
carbon can be supplied to the region such that fullerene can be easily and readily 
produced> 
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